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TITLE 


BENT PIPE WITH HIGH STRENGTH 
AND HIGH TOUGHNESS, AND ITS 
PRODUCTION 


ABSTRACT : PROBLEM TO BE SOLVED: To improve toughness at low temperatures by a specific 

composition which consists of C, Si, Mn. P, S, Ni, Mo, Nb, Tl, Al, N, O, and the balance Fe 
with inevitable impurities and In which respective component values satisfy a specific 
relation and further providing a microstructure containing specific amounts of bainite. 

SOLUTION: This bent pipe has a composition consisting of, by weight, 0.03-0.10% C, 
<0.6% Si, 1 .8-2.5% Mn, <0.01 5% P, <0.003% S, 0.20-1 .0% Ni, 0.25 0.60% Mo. 
0.01 -0.10% Nb, 0.005-0.030% Ti, <0.06% Al, 0.001 -0.006% N, <0.005% O, and the 
t>alance Fe with inevitable impurities. Moreover, the value of Pi defined by equation is 
regulated to 2.5-3.8- Further, this bent pipe has a microstructure containing bainite of £10 
(jiTi average grain size, transformed from austenite, by ^70% by volume fraction. 
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0. 072 
0.065 


0.24 
0.19 
0.25 
0.23 
0.26 
0.27 


1.85 
t.aO 
1.95 
2. 15 
1.96 
1.85 


85 12 

43 IS 

67 26 

53 IS 

71 IC 

SO 25 


0.44 
0.24 
0.40 
0.65 
0.33 
0.37 


0.32 
0.27 
0.28 
0. 58 
0. 45 
0.41 


0.042 
0.017 
0. 041 
0.038 
0. 032 
0. 030 


0.010 
0.019 
0.016 
0.017 
0. 016 
0.016 


0.033 
D. 022 
0.013 
0.015 
D.02'3 
0.0D3 


35 
32 
39 
31 
35 
33 


23 
18 
20 
22 
29 
27 


0.45 
0.22 
0.41 


Q. 45 


0. 61 
0. 58 


0. 045 

0. 052 
0. 049 


28 
32 


0.115 
OJT 
0. 06S 
0. 070 
0. 072 
0. 052 
0. 046 
0.080 
0.072 
0. 057 
0. 072 
0. 072 
0. 072 


0.24 
0.26 
0.26 
0.26 
0. 26 
0. 26 
0.01 
0.36 
0.26 
0.24 
0.26 
0.2a 
0.26 


1.98 
1.65 

■or 

1.96 
1.88 
1.84 
2. 18 
1.9B 
1. 85 
1. 96 
1.96 
L96 


70 17 

70 14 

70 24 

70 12 

70 12 
7D 20 

71 20 
71 15 
70 20 
85 12 
70 20 
70 10 
70 26 


0.33 
0.33 
0.33 
0.13 

0.33 
0.27 
0.53 
0.33 
0.44 
0.33 
0.33 
0.33 


0. 45 
0. 45 
0. 35 
0. 45 
0. 18 

inr 

0. 45 
0. 45 
0. 32 
0.45 
0,45 
0. 45 


0.030 
0.033 
0.032 
0.034 
0.032 
0.032 
0.042 
0.031 
0.032 
0.042 
0.032 
0.032 
0. 032 


Q.OIS 
0.013 
0.015 
0.014 
0. 015 
0. 015 
0.O15 
0. 017 
0.01S 
0.010 
0.015 
0.015 
0.015 


0.O19 
0.O22 
0.O21 
0.022 
0. 023 
0.022 
0.018 
0.021 
0.022 
0.033 
Q.022 
D.022 
0. 022 


33 
32 
35 
36 
34 
35 
80 
32 
35 
35 
35 
35 
35 


2;j 

20 
22 
24 
25 
27 
25 
24 
25 
23 
25 
25 
25 


0.41 
0.41 
0. 40 
0.41 
0.41 


0. 64 
0.41 
0.45 
0.41 
0. 41 
0.41 


0. 61 
0. 61 


0, 052 - 
0. 052 - 


0. 61 0. 052 
0.61 0.052 
0.45 0.042 


0. 61 
0. 61 


052 
052 


23 


0. 61 0. 052 23 
0. 61 0. Ou2 23 
0.61 O.0b2 29 


2.82 
2.89 
2.85 
3. 24 
3. 58 
3. 22 


3. 71 
3.21 
S. 62 
3.49 
3.31 
3.40 
2.41 


05 
3738 
2.82 
3. 5S 
3. 58 
3. 58 


[004 3] 









No 







YS 

TS 

vE-4ft 

vTrs 
















(^> 

(TJ/b) 


(/£in) 



(H/rnm^ ) 

(J) 



1 

U O E 

850 

25 

IS 

7 

80 

721 

855 

251 

-102 


2 

U O E 

790 

15 

25 

6 

85 

730 

877 

226 

-105 


3 

U O E 

850 

20 

20 

5 

75 

710 

851 

200 

-100 


4 

UO E 

900 

18 

20 

8 

80 

760 

950 

213 

- 92 

« 

5 

UO B 

820 

20 

20 

0 

75 

alii 

1055 

210 

-105 


6 

BR 

880 

12 

44 

8 

80 

S59 

1001 

202 

- 90 


7 

UO E 

850 

18 

20 

7 

80 

950 

1155 

65 

- 60 


8 

UO E 

850 

18 

20 

8 

80 

711 

860 

72 



9 

UO E 

850 

18 

22 

7 

75 

901 

1110 

33 



10 

UO E 

850 

18 

20 

5 

75 

890 

1001 

BD 


it 

11 

UO E 

850 

18 

20 

G 

80 

792 

955 

35 



12 

UO E 

850 

18 

20 

7 

80 

965 

1175 

32 



13 

UO E 

850 

18 

20 

8 

80 

535 

665 

157 



14 

UO B 

850 

18 

20 

7 

80 

T7I 

TT5I 

24 

- 30 

m 

15 

UO E 

850 

18 

20 

15 

80 

879 

1045 

37 



16 

UO E 

800 

12 

25 


60 

06b 

724 

185 



17 

UO E 

750 

18 

20 

12 

SH 

ITS 

TUJ5 

27 

- 38 


18 

UO E 

TOT 

18 

20 


80 

857 

1012 

Jl 



19 

UOB 

T5B 

8 

20 


IS 

878 

1050 

Bi 
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[0044] [mmm2 ] : msiz^^tm-^^^m^m^ 
'4^?mfmo . 2 1 — No . 2 6 2 m^M^ > vm± . iw 

[0 04 5] Sfc^HWJNo. 2 1 --No. 2 6{4. ^2 

[ 0 0 4 6 ] No. 2 n±cm'/j-^^^^r^tz^^ i&mm 

No. 2 9{4Mna5??^Wr^;t*^. ffl£?a$S14*f® 
No. 3 014N i.fi*-'^i^'':&l^/ca6ffi?af]!)^^^^ N 


0. 3 lt±Mom'A>cP'K:V^fzi^ymSim^t''M\^^ No. 3 
2*iMofiy/:^i*r^/::a6(£^S$J!l11/A#A^. No. 3 3ii 
BM'/)^:i>^tcv^fz^^Mmm&< . i&mm-Jb'^MVK No. 3 
4liB&:b^^^i-^':htzMzimmm'^m^\ No. 3 5{i 

Pi- mti^&^^^^fz^x 1 0 oiyjii7:)5^.s*<t#.iin^<,.. 

No. 3 6 up 2 i&iJ^mii^^^^fz^mSMmmyK. lio, 

1. ^. No. 3 sii^-( -t-^f h^'^^^^tei >}t*^x 1 0 oa± 
1 0 0 4 7 ] No. 3 9immux^c^mBiSimtiHs.^'^fz 

No. 4O{4|5]M%^K30Ngl^/v:*^. IEl:+-X-f:^-^ 

hmM^;^§ <-^^offi?a?»^ffiv\ No. 4i{iiaj(fjn 
xi&i&mmm^\ 

[0 048] 
[^3] 


No 


it ^ ^ ^ (¥t?^. t\i ppo) 


Si 


In P» SI 


Mo 


Nb 


Tt 


Ai 


D3I Cy 


Cr 


Cat 


0. 038 
0. 065 
0. 048 
0. 045 
0. 071 
0. 067 


23 
25 
14 

23 
09 
24 


1.86 
1.91 
2.13 
2.08 
1.8S 
1.8T 


SO 
67 
58 

53 
76 
81 


16 
26 
9 

18 
5 
22 


0.26 
0.17 
0.31 

0.55 
0.35 
0.27 


0. 33 
0. 28 
0.35 
0.45 
0.30 
0.41 


0. 036 
D. 041 
0. 032 
0. 038 
0. 031 
0. 030 


0. 012 
0. OlS 
0. 018 
0. 012 
0. 013 
D. 015 


0.013 
0. 023 
0. 005 
0. 017 
0. 018 
0. 003 


0,112 
0. 055 
0* 073 
0. 068 
0. 071 
0. 052 
0. 075 
0. 061 
0. 043 
0. 084 
0. 071 
0.065 
0. 071 
0.071 
0. 071 


24 1.87 65 

23 1.63 66 

24 2.38 60 
24 1.96 82 
23 1.88 S2 

1.87 
1.84 
2. 01 
1.74 
2. 10 
1.83 
1.91 
1.83 
1.83 
1.83 


17 
14 
24 
21 


0.33 0.45 

0.34 0.45 

0.32 0.35 

0,07 0.45 


09 


82 
66 
68 
71 
71 
76 
67 
76 
76 
76 


12 "o r 0.12 


0.33 
0.27 
0.33 
0.15 
0.53 
0.35 
0.17 
0.35 
0.35 
0.35 


"OF 
0.41 
0.17 
0. 35 
0.30 
0; 28 
0. 30 
0. 30 
0. 30 


0. oso 
0. 033 
0. 032 
0. 034 
0. 032 
0. 032 
0.042 
0. 031 
0. 042 
0. 031 
0. 031 
0.041 
0. 031 
0. 031 
0.031 


0. Old 
0. 014 
0. 012 
0. 015 
0. 017 
0. OIB 
D. 013 
0. 016 
0. 015 
0. 017 
0. 013 
0. 018 
0. 013 
0. 013 
0.013 


0. 021 
0. 019 
0. 015 
0. 027 
0.020 
0. 018 
0. 024 
0. 021 
0. 018 
0. 021 
0.018 
0. 023 
0. 018 
0.018 
0. D18 


6 
7 
10 

to 

8 
6 


7 
9 

a 

5 
6 
2 

55 
TO 
8 
8 
7 
8 
8 
8 


2S 
39 
31 
28 
31 
33 


36 
34 
35 
33 
35 
32 
26 
28 
30 
28 
31 
39 
31 
31 
31 


18 
22 
20 
25 
24 
31 


0.25 0.21 
6.35 - 


0. D42 


- 0.24 

- 0.55 0.041 


23 


24 
25 
27 
25 
32 
20 
16 
24 
25 
23 
24 
22 
24 
24 
24 


0. 29 
0.23 
0.95 
0. 23 
0.23 

0.27 
0. 35 

0. 00 


0. 28 
0. 2B 

0.27 
0. 27 
0. 28 
0. 22 
0. 24 

0. 62 
0.24 

0. 24 
0. 24 
0.24 


0.046 22 
23 

0. 042 - 

23 
23 


3.11 
?. §2 
3.;ji 

3.44 
3.01 
3.4;3 


a. 67 
3.26 
8. 67 
3.49 
2. 87 
3. 94 
3.10 
3. 00 
2. 29 

m 
or 

2.82 
3.01 
3.01 
3. 01 


[0049] 


[1^4] 
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(8) 


Wm^l 1-172 374 


urn 

CCD 


CC/B) 


(im) 


\Bt-Xff<} 
Cfim') 


aw 


mm <o isk^&i^fi 


T S 


vE .4 0 
(J) 


vTrs 
(TO) 


UO E 
UOE 
UOE 
UO E 
UOE 
BR 


800 
650 
850 
900 
820 
880 


UOE 
UOE 
UOE 
UOE 
UOE 
UOE 
UOE 
UOE 
UOE 
UOE 
UOE 
UOE 
UOE 
UOE 
UOE 


850 
850 
850 
850 
850 
850 
850 
850 
BoO 
850 
8o0 
800 
750 
"SBO 
"550 


20 
25 
20 
18 
20 
12 


18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
12 
18 
18 
8 


15 

20 
20 
20 
44 


20 
20 
2? 
20 
20 
20 
20 
2D 
2D 
2D 
20 
25 
20 
20 
20 


7 
7 
8 
8 
5 
5 
7 
7 
8 
7 
15 


12 
"13" 


80 
80 

75 
80 
75 
80 


80 
80 
75 
75 
80 
80 
80 
»D 
80 
60 
80 
55 
SO 
80 
GO 


726 
720 
733 
881 
660 
879 


857 
851 
ft77 

1050 
»98 

lOU 


1130 

860 
1123 
1087 

885 
1154 

950 
1085 

740 

vm 

1045 
734 

1021 
1045 


248 
233 
252 
201 
224 
210 


62 
7H 

73 
?a 
IS 
33 

177 
24 
W1 

175 
28 
IB 

E 


-IDO 
-1D7 
-105 
- 00 
-104 
~ 97 


- 58 

- 30 

- 37 


[0050] 

mmmm} ^mm^yvmt. ap imt&Tx i o 


^tt3'/l^L.<|fiJ±-rs ti:i>tc, .iM-r=7^ yammi 
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